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from a multitude of proofs that are 
independent of one another, such 
as from genes and fossils.”
The pictures beautifully illustrate 
how the elephant’s enormous 
skull, which can comprise up to 
one third of the weight of the entire 
skeleton, has led to the shortening 
and thickening of the neck 
vertebrae to help carry the weight. 
Contrast that with the giraffe 
neck vertebrae which have each 
elongated to give the animal the 
height it now displays. Similar 
elongation has occurred in the 
graceful neck of ibises, also shown 
in the book. But in animals such 
as the snakes, duplication of the 
vertebrae has been key to length 
in their skeletons.
And de Panafieu is keen to tie 
these remarkable structures in 
with modern biology. “The theory 
of evolution has been enriched 
by many studies... These days, 
molecular biology plays a very 
important role,” he writes.
From the diversity of skeletons 
on show in the book, he highlights 
those of the salamander and 
the antelope. The former has a 
naked, glandular skin, the other 
a shaggy coat; one is flat against 
the ground while the other stands 
upright. But they both have a head 
and four feet.
“This observation may seem 
banal, but such a combination is 
rather rare in the animal world. 
Actually from the jellyfish to the sea 
urchin, a great number of animals 
have no head at all. As to feet, 
insects, which make up the great 
majority of species on the planet, 
have six of them. Crustaceans have 
ten or more and centipedes up to 
seven hundred and fifty. Snails and 
worms have none at all.”
He covers some of the history 
of comparative anatomy and 
evolutionary controversy. “For 
Geoffroy Saint-Hilaire, homology 
was the sign of a family 
relationship, thus the result of 
evolution. This view was not 
shared by all naturalists. For 
instance, the English anatomist 
Richard Owen also used the 
concept, but only as a means 
of classifying animals more 
precisely, since he rejected 
the idea of evolution.” Only 
after the publication of The 
Origin of Species, “homology 
became an important element in 
helping to identify phylogenetic 
relationships among species,” he 
writes.
But de Panafieu’s dramatic 
display of vertebrate form, from 
flying fox to crocodile and piranha 
to platypus, also comes with a 
message of concern: “Today, 
some five thousand species 
of vertebrate are more or less 
threatened with extinction; a third 
of the amphibians, half the turtles, 
one mammal in four, and one bird 
in eight,” he writes.
As to the other species, “the 
rate of extinction is reaching a 
level comparable to the great 
episodes of mass extinction in 
prehistory. Hunting and fishing are 
sometimes to blame, but the major 
threats come from the destruction 
of natural environments, from the 
introduction of alien species, and 
from the many forms of pollution. 
To these factors are now added 
the present warming of the 
climate”.
The stark lesson is to appreciate 
the adaptations of these living 
species before they join the list of 
fossils.
Design stakes: The aardvark’s skeleton reveals its features. (Photo: Thames and 
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David Smyth is a plant 
developmental geneticist. He 
began his independent career at 
Monash University in Melbourne 
in 1974, where he investigated the 
basis of the very large genomes 
of the true lilies (Lilium species) 
when DNA cloning methods 
became available. Two abundant 
dispersed elements turned out to 
be retrotransposons, revealing 
their important role in bulking 
up some plant genomes. In 1988 
he switched fields to join the 
newly accessible area of plant 
development. Working with 
Arabidopsis, his group have 
discovered five new transcription 
factors with roles in defining 
the structure of flowers and the 
differentiation of floral organs. 
What turned you on to biology 
in the first place? Along with 
four brothers, I was brought up 
on a sheep and wheat farm in 
South Australia, and we were 
all very interested in the natural 
world around us. A small reserve 
of natural bush remained on our 
property (the rest was cleared 
progressively from the 1860s), 
and this harboured lots of birds, 
kangaroos and possums, and 
terrestrial orchids. We used 
to walk around it on day long 
expeditions, and I still love 
visiting it. My father regularly 
prepared a sheep for the table, 
and during the butchering 
we were fascinated by the 
internal organs, the functions of 
which our father patiently and 
accurately explained. During 
my childhood, myxomatosis 
struck down the former 
plagues of rabbits, but resistant 
rabbits eventually appeared, 
a fascinating early exposure 
to the evolutionary process. I 
was also interested in plants 
and crops, and curious about 
how the various herbicides and 
insecticides in use worked.
Michael, my eldest brother, 
went to University and became 
an animal ecologist, including 
winning a Rhodes Scholarship 
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in Oxford. Michael was a fine role 
model, and when I left school, 
there was never any question in 
my mind that I also wanted to 
be a biologist (my other brothers 
carried on farming). At University, 
I discovered that I loved the 
logical beauty of genetics, and 
eventually combined this with an 
interest in plants and how they 
develop. (Only recently have I 
wondered if this plant focus was 
a counter reaction to my brother’s 
zoological bent!) After completing 
my undergraduate degree, a 
biologist friend and I spent a year 
off travelling in the Australian 
outback. This convinced him 
that he wanted to be a medical 
doctor, but for me it reinforced 
my attraction to a life of science. 
What do you think are the big 
questions to be answered next 
in your field? In developmental 
biology, there has long been 
tension between those who 
believe that cells are the primary 
units of development, guided 
by their antecedents and their 
current environment, and those 
who believe that the genes do 
it all. Teaching developmental 
genetics in the 1970s and 
early 1980s highlighted for 
me the need for more genetic 
information to help interpret 
the descriptive phenomena and 
results of tissue manipulations 
then in the ascendancy. It was 
wonderfully exciting to be 
working in the early days of plant 
developmental genetics while 
on sabbatical at Caltech with 
Elliot Meyerowitz and graduate 
student John Bowman (now a 
colleague at Monash University). 
Naively, we thought we were 
going to uncover mechanisms 
of development fundamentally 
different from those in animals. 
In hindsight, there is real novelty 
in the outcomes, but the types 
of genetic building block are 
mostly shared across kingdoms. 
The question whether genes 
or cellular environments are 
more important in regulating 
development is being steadily 
eroded as new knowledge 
unfolds, revealing that the two 
factors are interwoven aspects of 
the same process. What about the unknowns? 
In plant development, signalling 
mechanisms are now hot. Exactly 
how the catalogue of classical 
chemical hormones work is being 
uncovered. Of these, auxin is a 
recent champion in both revealing 
a novel mechanism of interaction 
with its receptor (‘molecular 
glue’), and novel mechanisms for 
controlling organogenesis by its 
polar mobility. That more remains 
to be discovered is apparent 
by the imminent definition of 
a new hormone that controls 
outgrowth of lateral shoots. 
Added to these are new classes 
of peptide ligands being revealed 
that regulate the spacing of 
stomata on leaves, and gamete 
recognition at fertilization, for 
example. 
But one predicted type of 
signalling still not uncovered 
is that which detects physical 
forces and results in the 
determination of planes of cell 
division. Plants are different 
from animals in their cellular 
immotility. The direction each 
cell divides in relation to other 
cells controls the eventual form 
of the plant. The late Paul Green 
of Stanford University was a 
powerful advocate of the role of 
physical forces in shaping plant 
morphogenesis. In the early 
days his views were not popular 
with molecular geneticists. We 
thought he seemed to invoke 
mystical physical influences that 
were separate from biology. But 
now we have a firmer knowledge 
of the molecular genetic 
machinery of plant cells, we can 
envisage means by which cells 
could sense differential physical 
strains and feed this back to their 
cellular machinery. All we have to 
do is discover them!
Where are we heading in 
the reporting of science? 
For several hundred years, 
scientific findings have appeared 
as carbon based images on 
sheets of cellulose. Some of us 
remember the ritual of writing 
our manuscripts by hand, 
drawing graphs in indian ink, 
printing photos using messy wet 
chemicals, and proof-reading 
the printers’ sometimes hilarious 
efforts to retype our text. All this happened by sending copies 
back and forward by slow 
post, with the hard copy finally 
produced being placed on view 
in special buildings (libraries) 
before disappearing for a month 
at the ‘binders’ to reappear 
and be added to shelves upon 
shelves of bound volumes. And 
we posted individual reprints to 
those who had requested them 
using quaint reprint request 
cards!
How different it all is now. 
Computers and the internet have 
swept nearly all this aside. Typing 
is done so easily that dozens of 
drafts are now possible instead 
of two or three. Images can be 
assembled (and manipulated 
by the unscrupulous) without 
ever appearing as a hard copy. 
All communication is done by 
electrons at the speed of light, 
and the final copy appears as 
a ‘pdf’ that can be accessible 
immediately to all the world, 
providing, in most cases, that 
they pay. And rather than going 
to the library (now ‘student 
resource centres’), all we have to 
do is to think of a keyword or an 
author, and we can have access 
to everything relevant ever 
published (at least since about 
1995) at the click of the mouse. 
This revolution is not over. One 
possibility is that hard copies 
will cease to be produced, and 
all we will be left with are ‘pdfs’. 
This is already the case for some 
new open access journals, but 
the traditional journals have 
mostly not taken the plunge. 
The Plant Cell, a journal that I 
help co-edit, has decided that 
the online publication date, 
posted as soon as the article 
is ready, will be definitive, and 
only later will the contributions 
that appeared in each calendar 
month be combined into an 
individual printed issue. Is this 
the beginning of scrapping 
hard copies altogether? I for 
one would regret this. As I 
tell our Library on one of their 
latest cost cutting exercises, 
electronic technologies come 
and go (remember floppies?), 
but a book or journal is easily 
accessible by anyone with hands 
and eyes. Will we have Adobe, 
or the internet, or even reliable 
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hand, if we were released from 
the costs of generating hard 
copies, the ever expanding 
amount of ‘supplementary 
material’ could lose its inferior 
status and become part of each 
paper. Just imagine the fun for 
authors if word and page limits 
were abolished! 
Is this publishing revolution 
influencing peer review? No. 
I think this really is a separate 
issue. Peer review is the force 
that keeps science on the straight 
and narrow, and helps speed its 
progress. And I think it should 
be anonymous as this promotes 
honesty and openness in the 
reviewer. In my experience as 
a co-editor I have come across 
very few cases of anonymous 
reviewers dissembling or showing 
deliberate malice. 
Overall, the reputation of a 
journal depends on the credibility 
of its content. This is not easy 
to establish, and strong peer 
review is the underlying platform 
upon which a reputation is built 
and maintained. The relative 
reputation of a journal is a 
fascinating topic as it depends 
upon scientists’ opinions as a 
group. Sociologists have fun 
analysing this, and quantifying 
a journal’s reputation by using 
easily calculated ‘impact factors’ 
based on numbers of ‘citations’. 
Administrators and politicians 
love impact factors and citations 
as they can use them to reward, 
or to starve, scientists. I wish I 
knew how to interpret them... 
What do you think of the 
present trend to ‘systems 
biology’? What is ‘systems 
biology’? As I understand it, 
it is an attempt to describe all 
the components at one level 
of organization of living things. 
For molecules, it can be the 
sequence of the genome (now 
old hat), leading to study of 
the interaction of all the gene 
products and other compounds 
in a cell or tissue (now ramping 
up). At higher levels, it may relate 
to cross-talk between cells, and 
homeostasis within an organism 
(its physiology). In populations, 
the interactions of all individuals and their environment may be 
systems biology, and for species 
(and beyond) it could be thought 
of as their evolutionary moulding 
over time.
In some ways I think the 
approach adopted by the new 
crop of molecular systems 
biologists has parallels with 
that of some ecologists. (I 
have been exposed to the 
ecologist’s approach following 
the non- voluntary amalgamation 
of my former Department of 
Genetics and Developmental 
Biology and their Department 
of Ecology and Evolutionary 
Biology ten years ago.) Each 
aims to define a full system, and 
many then move on to generate 
models that will mimic the 
system accurately. The claim is 
that by identifying the important 
parameters, and setting 
appropriate variables for each 
parameter, it may be possible to 
predict the actual range of values 
of the variables in real life biology. 
Further, it may be possible to 
identify previously unconsidered 
parameters that are important 
in the system. Some go even 
further and suggest that there 
may be properties of systems 
that are more than the sum of 
the parts — holistic biology. The 
search for previously unknown 
generalizations is the justification 
that systems biologists at all 
levels offer for their intensely 
arduous tasks.
But I wonder if they are for 
real, and I suspect that some 
of them derive more pleasure 
and satisfaction from creating 
their beautiful interacting 
superstructures with lots of 
equations, arrows and boxes 
than they do from deducing new 
underlying principles. And of 
course the whole superstructure 
might be brought tumbling down 
by one new and unexpected 
observation by a pesky 
reductionist. 
Overall, I think systems 
biology shares more with 
artificial computer games than 
with real lab experiments or 
field observations getting down 
to the nitty gritty of individual 
processes. As for me, I must 
admit that my avatar will always 
be a reductionist! What advice would you offer 
someone wondering whether 
to start a career in biology? 
The prime prerequisite is curiosity. 
How does it work? Why is it so? 
What happens if I do this? If 
you have this burning curiosity, 
and if you like the challenges 
of understanding life with all its 
diversity, underlaid by common 
principles (many still hidden), then 
go for biology. Next, the question 
you investigate is the be all and 
end all — boring questions lead 
to boring answers. Ask what 
basic aspects of a topic are 
unknown, and think about how 
they could be approached. If you 
like research in areas where your 
findings may be useful in obvious 
ways (for example, cancer 
research, food production), the 
story is the same. Always keep 
thinking about the big picture of 
your work as you go, follow up 
important exceptions, and seek to 
define new principles rather than 
collect used stamps. 
Finally, I would suggest 
that they read Darwin’s “The 
Voyage of the Beagle”. How 
could you not be captivated 
by his language, such as his 
description of a phosphorescent 
coralline sea creature: “Having 
kept a large tuft of it in a basin 
of salt water, when it was dark I 
found that as often as I rubbed 
any part of a branch, the whole 
became strongly phosphorescent 
with a green light: I do not 
think I ever saw any object 
more beautifully so. But the 
remarkable circumstance was, 
that the flashes of light always 
proceeded up the branches, 
from the base towards the 
extremities.” As well as a gripping 
travelogue (more than just the 
Galapagos Islands), peppered 
with wonderful animals (rheas, 
giant sloths) and landscapes 
(Patagonia, coral atolls), the 
book is packed with curiosity, 
thoughtful interpretation, and 
marvellous scientific deduction 
that eventually led to his 
world- changing synthesis — how 
evolution works. 
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